Background
Methods
We analysed data on socio-demographic factors and HIV infection from 14 nationally representative surveys of adults aged 15-24 (seven countries, two surveys each, 4-8 years apart). Sample sizes ranged from 2,408-12,082 (72,135 total). We used logistic regression to assess gender-stratified associations between highest educational level attended and HIV status in each survey, adjusting for age and urban/rural setting. We tested for interactions with urban/rural setting and age. Our primary hypothesis was that higher education became less of a risk factor for HIV over time. We tested for interaction between survey-year and the education-HIV association in each country and all countries pooled.
Findings
In Ethiopia and Malawi, HIV prevalence was higher in more educated women in both surveys. In Lesotho, Kenya and Zimbabwe, HIV prevalence was lower in higher educated women in both surveys. In Ethiopia, HIV prevalence fell among no and secondary educated women only (interaction p<0Á01). Only among young men in Tanzania there was some evidence that the association between education and HIV changed over time (p=0Á07). Pooled analysis found little evidence for an interaction between survey year and the education-HIV association among men (p=0Á60) or women (p=0Á37).
Interpretation
The pattern of prevalent HIV infection among young adults by level of education in different sub-Saharan African countries was heterogeneous. There was little statistical evidence that
Introduction
Socioeconomic inequalities in health in low and middle income countries remain poorly understood. HIV incidence remains unacceptably high throughout Eastern and Southern Africa [1] . Surveillance data to the mid-1990s showed that higher educational attainment and household wealth tended to be associated with higher HIV prevalence [2, 3] . This distribution is unusual compared with the social distribution of many health outcomes. However, it has previously been suggested that in the case of the emergence of a new infectious agent such as HIV it was perhaps to be expected that before 1996-2000, HIV would be more concentrated among those of higher socioeconomic position [4, 5] . HIV spread in sub-Saharan Africa through the mobility and size of sexual networks which are likely associated with greater wealth, and during the same period HIV prevention and treatment efforts were weak, awareness of HIV low and behaviour change largely absent [6] .
This pattern may be changing over time [4, [7] [8] [9] [10] [11] [12] . For example, in Tanzania HIV prevalence fell faster among higher educated groups than among those with lower levels of education between 2003/4 and 2007/8 [6] . This may illustrate lower HIV incidence in higher educated groups between the two surveys, although cohort-effects, mortality and/or migration patterns might offer alternative explanations. In Tanzania, sexual behaviour patterns by educational attainment in 2003/4 and 2007/8 offered further support that HIV incidence patterns may have been a key driver of the HIV prevalence trends observed [13] . This pattern may be in line with "the inverse equity hypothesis" [14] . Developed originally in relation to child health, the hypothesis proposes that higher socioeconomic groups benefit first from the introduction of new public health interventions such as, in this case, the widespread delivery of HIV prevention interventions in sub-Saharan Africa, particularly since 2000 [14] .
A multi-country analysis has not previously been undertaken. We analysed changes between 2003-2005 and 2008-2012 in HIV prevalence among differently educated groups across Eastern and Southern Africa. Our primary hypothesis was that higher education became less of a risk factor for HIV over time.
Methods
We collated data on socio-demographic factors and HIV infection among 15-24 year olds from 14 nationally-representative population-based surveys from seven countries. The surveys were conducted in Ethiopia [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . We restricted our analysis to young people aged 15-24 years as patterns of HIV prevalence among this group should be closely related to patterns of HIV incidence. Countries were included if they were in eastern or southern Africa, and if individual level data on HIV infection, educational attainment, sex, age and urban/rural status were available from at least two publicly-available surveys. Educational attainment was measured in terms of highest level of education attended using three groups: none, primary and some secondary or more. All analyses were stratified by sex and accounted for the sampling strategy deployed in the surveys by using probability weighting.
Our analysis had five steps. First we described the populations of participants. Second, we assessed the association between education and prevalent HIV infection within each survey. We calculated HIV prevalence and associated 95% confidence intervals for the different educational groups, and present Wald p-values for the education parameter from logistic regression models controlling for age as a linear term and urban/rural setting, after we had judged that there was little evidence for statistical interaction between the association of interest and urban/rural status. Third, we pooled the data from the two surveys in each country and assessed whether the association between education and HIV changed over time in each country by fitting adjusted, country-specific logistic regression models for the association between education and HIV and fitting an interaction term between education and survey (first survey/second survey). We represent the changes in the association between education and HIV prevalence between the two surveys (on the x-axis) by plotting (on the y-axis) prevalence of HIV for the no education, primary education and secondary education groups for men and women. Fourth, to assess whether the association between education and HIV changed over time across the whole region, we pooled the data. We recoded the primary sampling units so that they were unique for each primary sampling unit in each country. We fit the same model as above, additionally controlling for country as a fixed-term, having first assessed the strength of evidence for a systematic difference between countries in the trend over time in the association between education and HIV by fitting a 3-way interaction term (education/survey/country) in the model. Fifth, we repeated this final analysis but including the full set of individuals aged 15-49 years and additionally fitting another three way interaction term (education/survey/age group) to assess whether the overall pattern we describe among 15-24 year olds was systematically different from that observed in 25-49 year olds.
Results
A total of 72,135 individuals (range 2,408 to 12,082) were included in the analysis (Table 1) . Within each country the two surveys were conducted four to eight years apart. All samples were predominantly rural (65.5%-85.0%). HIV prevalence ranged from 1.2% (Ethiopia, 2011) to 17.1% (Lesotho, 2004) . HIV prevalence fell in all countries over time. HIV prevalence was higher among young women than young men in all educational groups in all countries, with a small number of exceptions, including among young people with no education in Ethiopia (2011) (prevalence among males 0.8%, females 0.5%) and Tanzania (2012) (3.9% males, 2.8% females), those with primary education in Malawi (2010) (6.8% males, 5.5% females) and those with secondary education in Tanzania (2003) (10.6% males, 8.2% females). The proportion of young people with no education varied from <1% (Zimbabwe, both years) to 35.1% (Ethiopia, 2005) , and fell over time in all countries. The proportion of young women with no education was greater than that for young men, except in Lesotho in both surveys and in Zimbabwe in the second survey. In the earlier surveys in Rwanda and Tanzania more than 75% of the population were classified in the middle "primary educated" grouping, with relatively small proportions with no or secondary education.
Among young women there were statistically significant associations (p<0.05) between education and prevalent HIV infection in nine of the fourteen surveys, and borderline associations (0.05<p<0.1) in a further two surveys (Table 2 ). In Malawi and Ethiopia, HIV prevalence was higher in more educated groups in both surveys. In Lesotho, Kenya and Zimbabwe, HIV prevalence among young women was lower in the secondary educated groups than primary educated groups in both surveys, and the proportion of young people with no education was low. In Tanzania in 2003, HIV prevalence was higher among those with greater educational attainment, but this was not statistically significant. By 2011/12 HIV had fallen in all three education groups, and had fallen furthest among those with secondary education, but there remained little evidence of an association. In the earlier Rwanda survey, HIV was lowest among those with primary education and similar in the other two groups. HIV prevalence fell over time in all three groups, but least in the primary group so that by 2010 there was little evidence of any association between education and HIV prevalence. In only one country, Table 1 . Characteristics of participants aged 15-24 years in seven nationally-representative population-based surveys of HIV infection. Ethiopia, the country with the lowest HIV prevalence, was there strong evidence of interaction between survey year and the relationship between education and HIV prevalence among young women (p<0.01). The changes over time in Ethiopia were not as we predicted: HIV prevalence fell among both those with no education and secondary education, but not among the primary educated group. Adjusted Odds Ratios and 95% confidence intervals for the association between HIV and education attendance using primary education as a baseline. * p-value from Wald test of the overall association between education and prevalent HIV infection adjusted for age and urban/rural status; Tests for interactions between the relationship between HIV and education and urban/rural setting showed no significant results, except among women in Zimbabwe in the first survey year (p = 0.02). There was no evidence of an interaction between whether the surveys were early or late and the association between education and HIV in the pooled data (p = 0.37). Among young men there was little evidence of an association between education and HIV prevalence in either the first or second surveys, with two exceptions (Table 3) . HIV prevalence was lowest in the primary educated group in Rwanda in 2010, where this group comprised 70% of the population. Among young men in Tanzania in 2003 there was some evidence of an upward gradient in HIV infection by educational status. This gradient was not present in 2011, Adjusted Odds Ratios and 95% confidence intervals for the association between HIV and education attendance using primary education as a baseline. * p-value from Wald test of the overall association between education and prevalent HIV infection adjusted for age and urban/rural status; Tests for interactions between the relationship between HIV and education and urban/rural setting showed no significant results, except among women in Zimbabwe in the first survey year (p = 0.02). There was no evidence of an interaction between whether the surveys were early or late and the association between education and HIV in the pooled data (p = 0.6).
and there was moderately strong evidence for an interaction between survey year and the relationship between education and HIV prevalence (Fig. 1 ). In line with our a priori hypothesis, HIV prevalence increased among Tanzanian young men with no education, was stable among those with primary education and fell among those with secondary education. When data from all the surveys was pooled, contrary to our hypothesis there was little evidence of an interaction by survey year in the association between education and HIV prevalence among either the men (p = 0.16) or women (p = 0.55). Further there was relatively weak evidence that this interaction term differed systematically between countries (p = 0.48 for men; p = 0.10 for women). We repeated this final analysis including men and women aged 25-49 years (n = 133, 247) and found little evidence that the trends by education observed in young men and women differed from that seen older men and women (p = 0.30 for men; p = 0.68 for women).
Discussion
We analysed the association between education and HIV prevalence and whether this changed over time between 2003-5 and 2008-12 among young people aged 15-24 years in populationbased, nationally-representative surveys in seven east and southern African countries.
We identified three typologies in the association between education and prevalent HIV infection among young women (Fig. 2) . Malawi was the most rural of the countries studied, while Ethiopia had the highest proportion of individuals with no education. In both these settings HIV prevalence was highest among young women with greater levels of education in both surveys. In Zimbabwe, Lesotho and Kenya, countries with relatively well-developed educational systems HIV prevalence was lower among the most educated young women in both surveys. In Rwanda and Tanzania the pattern was mixed. Among young men, HIV prevalence was generally lower than among women and there was little evidence of association with education. There were some small increases in HIV prevalence among males with secondary education in some countries. This differs from the consistent downward trend in HIV prevalence among women with more education across all countries. While these increases among men were very small, there may have been confounding factors that we did not capture within our analyses which may have influenced the findings. A limitation of our present analysis is a lack of data on potential confounders. Fig. 2 demonstrates the geographic variation in the association between educational attainment and HIV prevalence among young women and how this changed between 2003-5 and 2008-12 in seven countries. Countries in green showed a higher HIV prevalence among more educated young women in both earlier and later surveys (Ethiopia, Malawi). Countries in blue showed a lower HIV prevalence among more educated young women in both earlier and later surveys, in countries with a low prevalence of no education (Lesotho, Kenya, Zimbabwe). Countries in pink showed no association between education and HIV in at least one of the surveys (Rwanda, Tanzania).
While we expected the distribution of prevalent infections in the earlier surveys to be heterogeneous, we hypothesized that a common pattern, predicted by existing theories of heath inequality, may be seen in changes over time. We suggested the association between HIV prevalence and having no education relative to the primary educated group would either increase towards the null or become a stronger risk factor between the first and second surveys, and that the equivalent association for higher educated groups relative to the primary educated group would move closer to the null or become more protective. Taken together the data were not supportive of this hypothesis. The patterns of change over time were not as we predicted, except among young men in Tanzania between 2003/4 and 2011/12. Among young Ethiopian women HIV prevalence fell among both those with no education and secondary education, but not among the primary educated group. Among the Tanzanian women, Ethiopian men and individuals of both sexes from Kenya, Lesotho, Malawi, Rwanda, and Zimbabwe there was little evidence that prevalence changes over time differed by educational attainment. The hypothesis that HIV patterns are changing over time universally across sub-Saharan Africa is not supported by this analysis and we feel that this is an important finding. It is unlikely that looking at absolute differences in HIV prevalence would have provided any more support for the inverse equity hypothesis.
We pooled data from over 70,000 young people who participated in high-quality, population-based, nationally-representative surveys making this the largest and most broadly representative investigation of this subject to date. However, limitations at several levels must be considered in interpreting our findings.
We analysed data from large, well conducted surveys undertaken with highly overlapping, though locally adapted, methodology. The demographic and health survey data are standardized and pre-tested to allow for comparability across populations and over time [29] . Household and individual survey response rates are high [30, 31] . HIV-testing response rates are generally lower than survey response rates and differ by urban/rural status, sex, education and socioeconomic group, with HIV-testing non-response generally higher among individuals of higher education and wealth [30] . Response rates were generally higher among women than men. The highest response rate was among both men and women in Rwanda. The overall response rate ranged from a low of 59.8% among men aged 15-19 years in Malawi in 2004 to 98.9% among men and women aged 15-19 years in Rwanda in 2010. HIV-testing nonresponse was, however, also high among some groups with no education. If HIV testing nonresponse is associated with HIV status then prevalence estimates may be biased [30] . Studies have shown that survey and HIV-testing non-responders often have higher predicted prevalence than responders; yet adjusting for non-response generally has non-significant effects on HIV prevalence estimates [30] [31] [32] . These analyses are subject to limitations as predicted prevalence is estimated based on imputation using the observed characteristics of individuals interviewed but refusing HIV-testing and using limited household questionnaire data for individuals refusing both the survey and HIV-testing [30, [32] [33] [34] . Although HIV prevalence among groups with no or secondary education may be underestimated in the surveys and need to be interpreted with caution, we suggest any bias is unlikely to alter our conclusions.
We interpreted HIV prevalence changes over time as a proxy for HIV incidence patterns during the period between the surveys. Nationally representative data on HIV incidence are not available for any of the countries included in this analysis. However, HIV prevalence changes over time are also influenced by patterns of mortality and migration. HIV mortality is strongly affected by time since infection and access to antiretroviral treatment. In many countries, available evidence suggests those of higher education were at greater risk earlier in the epidemic. Consequently, by the later surveys HIV-infected individuals from higher educational groups would on average have been infected for longer and may have been more likely to die, thereby contributing to a lower prevalence in these groups than would have otherwise been the case. Conversely, higher education individuals may have been more likely to access treatment and thus have had lower mortality levels than less educated individuals. The balance of these dynamics is not well understood. Better data on these phenomena and the better integration of socioeconomic stratification within mathematical models of HIV epidemiology could usefully contribute to understanding these relationships. A strength of our investigation was that we focused on young people, among whom mortality levels should be low and infections acquired recently and among who prevalence trends should therefore be more representative of incidence patterns. However, we also explored trends by education in individuals aged !25 years, and found little evidence that trends observed among younger women and men differed from those in older age groups.
A further weakness of our analysis is that we were not able to include data on access to HIV prevention interventions, or on determinants of HIV infection such as sexual behaviour. Our previous analysis of data from Tanzania suggested that riskier sexual behaviour was more commonly reported by those of lower education in both 2003/4 and 2007/8 [13] . Differences in access to and uptake of HIV prevention services across countries may have contributed to differences in HIV prevalence in across the different countries. In Tanzania, uptake of HIV testing also appears to have risen from low levels in all groups to more common access among those of higher socioeconomic position [20, 35] .
Our investigation was motivated by considering whether empirical trends could be understood in terms of existing theories of health inequality [14] . We hypothesised that patterns of change over time observed in Tanzania, South Africa and in smaller studies in several other countries may be in line with the "inverse equity hypothesis" and may be widely seen [6, [36] [37] [38] [39] . Socioeconomic differences in accessing effective health interventions are key drivers of health inequalities [40] . After 2000, HIV prevention interventions (principally behaviour change efforts, STI control and attempts to increase access to condoms) expanded rapidly across subSaharan Africa [41] . We hypothesised these may have been accessed more effectively by more educated, higher socioeconomic groups, and that consequently a consistent pattern would be that HIV prevalence would be expected to decline faster than among less educated groups. In line with previous reports, we identified different patterns in the social epidemiology of HIV infection across countries in the region [42, 43] . However, outside of the young Tanzanian men we found little evidence of the dynamic trends we had predicted.
Despite the size of our analysis, the data shown here only provide a window on the epidemic from 2003-5 to 2008-12. This relatively short period coincides with population-level HIV prevalence and incidence decline in all the countries studied [41] . Perhaps the period under study was too short to identify the trends we sought to investigate, or perhaps the critical window for changes in HIV prevalence associated with education happened prior to 2003. Alternatively, perhaps during the period examined in these data, lower socioeconomic groups were benefitting as much as higher socioeconomic groups from HIV prevention efforts. The inverse equity hypothesis suggests that with time lower socioeconomic groups begin to benefit from interventions, and that a threshold for benefit to the higher socioeconomic groups, and ultimately the whole population, is reached [14] . This will require further study in order to appropriately plan HIV prevention efforts going forward.
It is also possible that the particular history of HIV/AIDS as a public health problem in subSaharan Africa means that the inverse equity hypothesis does not hold for HIV prevention. The HIV epidemic has been unusual in the extent to which discourse about its epidemiology has been linked to poverty and inequalities. Furthermore, the unprecedented political and financial support to the HIV response relative to other public health concerns also makes it unusual [44] , [45] . Inter-country differences might be due to differences in wealth and access to health care services as well as with the history, culture, religion and social norms. Given this, we appreciate that the insight gained from conducting a multi-country analysis such as this is that trends in HIV progression must be interpreted in light of such heterogeneity. Continued monitoring of the changing social epidemiology of HIV in Africa remains critically important to build and test theory and help guide ongoing efforts to accelerate equitable HIV incidence decline.
